SEQUENCE LISTING I APR 2 6 2004 2] 

<110> WASHINGTON STATE UNIVERSITY RESEARCH FOUNDATIONS^ 
Browse, John A 
Wallis, James G 
Watts, Jennifer L. 

<120> DESATURASES AND METHODS OF USING THEM FOR SYNTHESIS OF 
POLYUNSATURATED FATTY ACIDS 

<130> 4630-58963 

<140> US 09/857,583 
<141> 2001-06-05 

<150> US 60/111,301 
<151> 1998-12-07 

<150> PCT/US99/28655 
<151> 1999-12-06 

<160> 16 

<170> Patentln version 3.2 

<210> 1 
<211> 1461 
<212> DNA 

<213> Caenorhabditis elegans 
<400> 1 

gaattttcaa tcctccttgg gtcccaccgc tgtgatatca aaatggtatt acgagagcaa 60 

gagcatgagc cattcttcat taaaattgat ggaaaatggt gtcaaattga cgatgctgtc 120 

ctgagatcac atccaggtgg tagtgcaatt actacctata aaaatatgga tgccactacc 180 

gtattccaca cattccatac tggttctaaa gaagcgtatc aatggctgac agaattgaaa 240 

aaagagtgcc ctacacaaga accagagatc ccagatatta aggatgaccc aatcaaagga 300 

attgatgatg tgaacatggg aactttcaat atttctgaga aacgatctgc ccaaataaat 360 

aaaagtttca ctgatctacg tatgcgagtt cgtgcagaag gacttatgga tggatctcct 420 

ttgttctaca ttagaaaaat tcttgaaaca atcttcacaa ttctttttgc attctacctt 480 

caataccaca catattatct tccatcagct attctaatgg gagttgcgtg gcaacaattg 540 

ggatggttaa tccatgaatt cgcacatcat cagttgttca aaaacagata ctacaatgat 600 

ttggccagct atttcgttgg aaacttttta caaggattct catctggtgg ttggaaagag 660 

cagcacaatg tgcatcacgc agccacaaat gttgttggac gagacggaga tcttgattta 720 

gtcccattct atgctacagt ggcagaacat ctcaacaatt attctcagga ttcatgggtt 780 

atgactctat tcagatggca acatgttcat tggacattca tgttaccatt cctccgtctc 840 

tcgtggcttc ttcagtcaat catttttgtt agtcagatgc caactcatta ttatgactat 900 

1 



tacagaaata 


ctgcgattta 


tgaacaggtt 


ggtctctctt 


tgcactgggc 


ttggtcattg 


960 


ggtcaattgt 


atttcctacc 


cgattggtca 


actagaataa 


tgttcttcct 


tgtttctcat 


1020 


cttgttggag 


gtttcctgct 


ctctcatgta 


gttactttca 


atcattattc 


agtggagaag 


1080 


tttgcattga 


gctcgaacat 


catgtcaaat 


tacgcttgtc 


ttcaaatcat 


gaccacaaga 


1140 


aatatgagac 


ctggaagatt 


cattgactgg 


ctttggggag 


gtcttaacta 


tcagattgag 


1200 


caccatcttt 


tcccaacgat 


gccacgacac 


aacttgaaca 


ctgttatgcc 


acttgttaag 


1260 


gagtttgcag 


cagcaaatgg 


tttaccatac 


atggtcgacg 


attatttcac 


aagattctaa 


1320 


cttgaaattg 


agcaattccg 


aaatattgca 


aatgttgctg 


ctaaattgac 


taaaaagatt 


1380 


gcctagatta 


cgattaatta 


atcaatttat 


tttcatgttc 


tattcgtgtg 


ttttaatatt 


1440 


ttccaaattt 


ttacctattc 


c 








1461 



<210> 2 
<211> 447 
<212> PRT 

<213> Caenorhabditis elegans 
<400> 2 

Met Val Leu Arg Glu Gin Glu His Glu Pro Phe Phe lie Lys lie Asp 
15 10 15 



Gly Lys Trp Cys Gin lie Asp Asp Ala Val Leu Arg Ser His Pro Gly 
20 25 30 



Gly Ser Ala lie Thr Thr Tyr Lys Asn Met Asp Ala Thr Thr Val Phe 
35 40 45 



His Thr Phe His Thr Gly Ser Lys Glu Ala Tyr Gin Trp Leu Thr Glu 
50 55 60 



Leu Lys Lys Glu Cys Pro Thr Gin Glu Pro Glu lie Pro Asp lie Lys 
65 70 75 80 



Asp Asp Pro lie Lys Gly lie Asp Asp Val Asn Met Gly Thr Phe Asn 
85 90 95 



lie Ser Glu Lys Arg Ser Ala Gin lie Asn Lys Ser Phe Thr Asp Leu 
100 105 110 



Arg Met Arg Val Arg Ala Glu Gly Leu Met Asp Gly Ser Pro Leu Phe 
115 120 125 



2 



Tyr lie Arg Lys lie Leu Glu Thr lie Phe Thr lie Leu Phe Ala Phe 
130 135 140 



Tyr Leu Gin Tyr His Thr Tyr Tyr Leu Pro Ser Ala lie Leu Met Gly 
145 150 155 160 



Val Ala Trp Gin Gin Leu Gly Trp Leu lie His Glu Phe Ala His His 
165 170 175 



Gin Leu Phe Lys Asn Arg Tyr Tyr Asn Asp Leu Ala Ser Tyr Phe Val 
180 185 190 



Gly Asn Phe Leu Gin Gly Phe Ser Ser Gly Gly Trp Lys Glu Gin His 
195 200 205 



Asn Val His His Ala Ala Thr Asn Val Val Gly Arg Asp Gly Asp Leu 
210 215 220 



Asp Leu Val Pro Phe Tyr Ala Thr Val Ala Glu His Leu Asn Asn Tyr 
225 230 235 240 



Ser Gin Asp Ser Trp Val Met Thr Leu Phe Arg Trp Gin His Val His 
245 250 255 



Trp Thr Phe Met Leu Pro Phe Leu Arg Leu Ser Trp Leu Leu Gin Ser 
260 265 270 



lie lie Phe Val Ser Gin Met Pro Thr His Tyr Tyr Asp Tyr Tyr Arg 
275 280 285 



Asn Thr Ala lie Tyr Glu Gin Val Gly Leu Ser Leu His Trp Ala Trp 
290 295 300 



Ser Leu Gly Gin Leu Tyr Phe Leu Pro Asp Trp Ser Thr Arg lie Met 
305 310 315 320 



Phe Phe Leu Val Ser His Leu Val Gly Gly Phe Leu Leu Ser His Val 
325 330 335 



Val Thr Phe Asn His Tyr Ser Val Glu Lys Phe Ala Leu Ser Ser Asn 
340 345 350 



lie Met Ser Asn Tyr Ala Cys Leu Gin lie Met Thr Thr Arg Asn Met 
355 360 365 



3 



Arg Pro Gly Arg Phe lie Asp Trp Leu Trp Gly Gly Leu Asn Tyr Gin 
370 375 380 



lie Glu His His Leu Phe Pro Thr Met Pro Arg His Asn Leu Asn Thr 
385 390 395 400 

Val Met Pro Leu Val Lys Glu Phe Ala Ala Ala Asn Gly Leu Pro Tyr 
405 410 415 

Met Val Asp Asp Tyr Phe Thr Gly Phe Trp Leu Glu lie Glu Gin Phe 
420 425 430 

I 

Arg Asn lie Ala Asn Val Ala Ala Lys Leu Thr Lys Lys lie Ala 
435 440 445 

<210> 3 
<211> 1281 
<212> DNA 

<213> Euglena gracilis 
<400> 3 



attttttttc 


gaaatgaagt 


caaagcgcca 


agcgcttccc 


cttacaattg 


atggaacaac 


60 


atatgatgtg 


tctgcctggg 


tcaatttcca 


ccctggtggt 


gcggaaatta 


tagagaatta 


120 


ccaaggaagg 


gatgccactg 


atgccttcat 


ggttatgcac 


tctcaagaag 


ccttcgacaa 


180 


gctcaagcgc 


atgcccaaaa 


tcaatcccag 


ttctgagttg 


ccaccccagg 


ctgcagtgaa 


240 


tgaagctcaa 


gaggatttcc 


ggaagctccg 


agaagagttg 


atcgcaactg 


gcatgtttga 


300 


tgcctccccc 


ctctggtact 


catacaaaat 


cagcaccaca 


ctgggccttg 


gagtgctggg 


360 


ttatttcctg 


atggttcagt 


atcagatgta 


tttcattggg 


gcagtgttgc 


ttgggatgca 


420 


ctatcaacag 


atgggctggc 


tttctcatga 


catttgccac 


caccagactt 


tcaagaaccg 


480 


gaactggaac 


aacctcgtgg 


gactggtatt 


tggcaatggt 


ctgcaaggtt 


tttccgtgac 


540 


atggtggaag 


gacagacaca 


atgcacatca 


ttcggcaacc 


aatgttcaag 


ggcacgaccc 


600 


tgatattgac 


aacctccccc 


tcttagcctg 


gtctgaggat 


gacgtcacac 


gggcgtcacc 


660 


gatttcccgc 


aagctcattc 


agttccagca 


gtattatttc 


ttggtcatct 


gtatcttgtt 


720 


gcggttcatt 


tggtgtttcc 


agagcgtgtt 


gaccgtgcgc 


agtctgaagg 


acagagataa 


780 


ccaattctat 


cgctctcagt 


ataagaagga 


ggccattggc 


ctcgccctgc 


attggacatt 


840 


gaaggccctg 


ttccacttat 


tctttatgcc 


cagcatcctc 


acatcgctgt 


tggtattttt 


900 


cgtttcggag 


ctggttggcg 


gcttcggcat 


tgcgatcgtg 


gtgttcatga 


accactaccc 


960 



4 



actggagaag 


atcggggact 


cggtctggga 


tggccatgga 


ttctcggttg 


gccagatcca 


1020 


tgagaccatg 


aacattcggc 


gagggattat 


cacagattgg 


tttttcggag 


gcttgaacta 


1080 


ccagatcgag 


caccatttgt 


ggccgaccct 


ccctcgccac 


aacctgacag 


cggttagcta 


1140 


ccaggtggaa 


cagctgtgcc 


agaagcacaa 


cctgccgtat 


cggaacccgc 


tgccccatga 


1200 


agggttggtc 


atcctgctgc 


gctatctggc 


ggtgttcgcc 


cggatggcgg 


agaagcaacc 


1260 


cgccgggaag 


gctctataag 


g 








1281 



<210> 4 
<211> 421 
<212> PRT 

<213> Euglena gracilis 
<400> 4 

Met Lys Ser Lys Arg Gin Ala Leu Pro Leu Thr lie Asp Gly Thr Thr 
15 10 15 



Tyr Asp Val Ser Ala Trp Val Asn Phe His Pro Gly Gly Ala Glu lie 
20 25 30 



lie Glu Asn Tyr Gin Gly Arg Asp Ala Thr Asp Ala Phe Met Val Met 
35 40 45 



His Ser Gin Glu Ala Phe Asp Lys Leu Lys Arg Met Pro Lys lie Asn 
50 55 60 



Pro Ser Ser Glu Leu Pro Pro Gin Ala Ala Val Asn Glu Ala Gin Glu 
65 70 75 80 



Asp Phe Arg Lys Leu Arg Glu Glu Leu lie Ala Thr Gly Met Phe Asp 
85 90 95 



Ala Ser Pro Leu Trp Tyr Ser Tyr Lys lie Ser Thr Thr Leu Gly Leu 
100 105 110 



Gly Val Leu Gly Tyr Phe Leu Met Val Gin Tyr Gin Met Tyr Phe lie 
115 120 125 



Gly Ala Val Leu Leu Gly Met His Tyr Gin Gin Met Gly Trp Leu Ser 
130 135 140 



His Asp lie Cys His His Gin Thr Phe Lys Asn Arg Asn Trp Asn Asn 
145 150 155 160 



5 



Leu Val Gly Leu Val Phe Gly Asn Gly Leu Gin Gly Phe Ser Val Thr 
165 170 175 



Trp Trp Lys Asp Arg His Asn Ala His His Ser Ala Thr Asn Val Gin 
180 185 190 



Gly His Asp Pro Asp lie Asp Asn Leu Pro Leu Leu Ala Trp Ser Glu 
195 200 205 



Asp Asp Val Thr Arg Ala Ser Pro lie Ser Arg Lys Leu lie Gin Phe 
210 215 220 



Gin Gin Tyr Tyr Phe Leu Val lie Cys lie Leu Leu Arg Phe lie Trp 
225 230 235 240 



Cys Phe Gin Ser Val Leu Thr Val Arg Ser Leu Lys Asp Arg Asp Asn 
245 250 255 



Gin Phe Tyr Arg Ser Gin Tyr Lys Lys Glu Ala lie Gly Leu Ala Leu 
260 265 270 



His Trp Thr Leu Lys Ala Leu Phe His Leu Phe Phe Met Pro Ser lie 
275 280 285 



Leu Thr Ser Leu Leu Val Phe Phe Val Ser Glu Leu Val Gly Gly Phe 
290 295 300 



Gly lie Ala He Val Val Phe Met Asn His Tyr Pro Leu Glu Lys He 
305 310 315 320 



Gly Asp Ser Val Trp Asp Gly His Gly Phe Ser Val Gly Gin lie His 
325 330 335 



Glu Thr Met Asn He Arg Arg Gly He He Thr Asp Trp Phe Phe Gly 
340 345 350 



Gly Leu Asn Tyr Gin He Glu His His Leu Trp Pro Thr Leu Pro Arg 
355 360 365 



His Asn Leu Thr Ala Val Ser Tyr Gin Val Glu Gin Leu Cys Gin Lys 
370 375 380 



His Asn Leu Pro Tyr Arg Asn Pro Leu Pro His Glu Gly Leu Val He 
385 390 395 400 
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Leu Leu Arg Tyr Leu Ala Val Phe Ala Arg Met Ala Glu Lys Gin Pro 
405 410 415 



Ala Gly Lys Ala Leu 
420 



<210> 5 

<211> 27 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PGR Primer 



<220> 

<221> misc_f eature 

<222> (12).. (12) 

<223> n = a, t, g, or c 

<400> 5 

ggctggctga cncaygartt ytgycay 27 

<210> 6 

<211> 30 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PGR Primer 



<220> 

<221> misc_feature 

<222> (13).. (13) 

<223> n = a, t, g, or c 

<400> 6 

catcgttgga aanarrtgrt gytcdatytg 30 

<210> 7 

<211> 41 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PGR Primer 

<400> 7 

cccgggaagc ttctcgagga attttcaatc ctccttgggt c 41 

<210> 8 

<211> 34 

<212> DNA 



7 



<213> artificial sequence 
<220> 

<223> PGR Primer 
<400> 8 

cccgggtgga tccggaacat atcacacgaa acag 



<210> 9 

<211> 6 

<212> RNA 

<213> artificial sequence 
<220> 

<223> Consensus sequence 



<220> 

<221> polyA_signal 

<222> (1)..(6) 

<400> 9 
aauaaa 

<210> 10 

<211> 20 

<212> DNA 

<213> artificial sequence 
<220> 

<223> PGR Primer 

<400> 10 

tctgggatct ctggttcttg 



<210> 11 

<211> .9 

<212> RNA 

<213> artificial sequence 
<220> 

<223> Consensus sequence 



<220> . 

< 2 2 1 > mi sc_f ea ture 

<222> (1)..(9) 

<223> Histidine box 

<400> 11 
uuuuuuucg 



<210> 12 

<211> 5 

<212> PRT 

<213> artificial sequence 



<220> 

<223> Consensus sequence 



<220> 

<221> misc_f eature 

<222> (1)..(5) 

<223> Histidine Box 

X = any amino acid 

<400> 12 

His Xaa Xaa His His 
1 5 



<210> 13 

<211> 5 

<212> PRT 

<213> artificial sequence 



<220> 

<223> Consensus sequence 



<220> 

<221> mi sc_f eature 

<222> (1) . . (5) 

<223> Histidine box 

X = any amino acid 

<400> 13 

Gin Xaa Xaa His His 
1 5 

<210> 14 

<211> 443 

<212> PRT 

<213> Caenorhabditis elegans 

<400> 14 



Met Val Val Asp Lys Asn Ala Ser Gly Leu Arg Met Lys Val Asp Gly 
15 10 15 



Lys Trp Leu Tyr Leu Ser Glu Glu Leu Val Lys Lys His Pro Gly Gly 
20 25 30 



Ala Val lie Glu Gin Tyr Arg Asn Ser Asp Ala Thr His lie Phe His 
35 40 45 
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Ala Phe His Glu Gly Ser Ser Gin Ala Tyr Lys Gin Leu Asp Leu Leu 
50 55 60 



Lys Lys His Gly Glu His Asp Glu Phe Leu Glu Lys Gin Leu Glu Lys 
65 70 75 80 



Arg Leu Asp Lys Val Asp lie Asn Val Ser Ala Tyr Asp Val Ser Val 
85 90 95 



Ala Gin Glu Lys Lys Met Val Glu Ser Phe Glu Lys Leu Arg Gin Lys 
100 105 110 



Leu His Asp Asp Gly Leu Met Lys Ala Asn Glu Thr Tyr Phe Leu Phe 
115 120 125 



Lys Ala lie Ser Thr Leu Ser lie Met Ala Phe Ala Phe Tyr Leu Gin 
130 135 140 



Tyr Leu Gly Trp Tyr lie Thr Ser Ala Cys Leu Leu Ala Leu Ala Trp 
145 150 155 160 



Gin Gin Phe Gly Trp Leu Thr His Glu Phe Cys His Gin Gin Pro Thr 
165 170 175 



Lys Asn Arg Pro Leu Asn Asp Thr lie Ser Leu Phe Phe Gly Asn Phe 
180 185 190 



Leu Gin Gly Phe Ser Arg Asp Trp Trp Lys Asp Lys His Asn Thr His 
195 200 205 



His Ala Ala Thr Asn Val lie Asp His Asp Gly Asp lie Asp Leu Ala 
210 215 220 



Pro Leu Phe Ala Phe lie Pro Gly Asp Leu Cys Lys Tyr Lys Ala Ser 
225 230 235 240 



Phe Glu Lys Ala lie Leu Lys lie Val Pro Tyr Gin His Leu Tyr Phe 
245 250 255 



Thr Ala Met Leu Pro Met Leu Arg Phe Ser Trp Thr Gly Gin Ser Val 
260 265 270 



Gin Trp Val Phe Lys Glu Asn Gin Met Glu Tyr Lys Val Tyr Gin Arg 
275 280 285 
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Asn Ala Phe Trp Glu Gin Ala Thr He Val Gly His Trp Ala Trp Val 
290 295 300 



Phe Tyr Gin Leu Phe Leu Leu Pro Thr Trp Pro Leu Arg Val Ala Tyr 
305 310 315 320 



Phe lie He Ser Gin Met Gly Gly Gly Leu Leu He Ala His Val Val 
325 330 335 



Thr Phe Asn His Asn Ser Val Asp Lys Tyr Pro Ala Asn Ser Arg lie 
340 345 350 



Leu Asn Asn Phe Ala Ala Leu Gin lie Leu Thr Thr Arg Asn Met Thr 
355 360 365 



Pro Ser Pro Phe He Asp Trp Leu Trp Gly Gly Leu Asn Tyr Gin He 
370 375 380 



Glu His His Leu Phe Pro Thr Met Pro Arg Cys Asn Leu Asn Ala Cys 
385 390 395 400 



Met Lys Tyr Val Lys Glu Trp Cys Lys Glu Asn Asn Leu Pro Tyr Leu 
405 410 415 



Val Asp Asp Tyr Phe Asp Gly Tyr Ala Met Asn Leu Gin Gin Leu Lys 
420 425 430 



Asn Met Ala Glu His He Gin Ala Lys Ala Ala 
435 440 



<210> 15 
<211> 448 
<212> PRT 

<213> Borago officinalis 
<400> 15 

Met Ala Ala Gin He Lys Lys Tyr He Thr Ser Asp Glu Leu Lys Asn 
15 10 15 



His Asp Lys Pro Gly Asp Leu Trp He Ser He Gin Gly Lys Ala Tyr 
20 25 30 



Asp Val Ser Asp Trp Val Lys Asp His Pro Gly Gly Ser Phe Pro Leu 
35 40 45 
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Lys Ser Leu Ala Gly Gin Glu Val Thr Asp Ala Phe Val Ala Phe His 
50 55 60 



Pro Ala Ser Thr Trp Lys Asn Leu Asp Lys Phe Phe Thr Gly Tyr Tyr 
65 70 75 80 



Leu Lys Asp Tyr Ser Val Ser Glu Val Ser Lys Asp Tyr Arg Lys Leu 
85 90 95 



Val Phe Glu Phe Ser Lys Met Gly Leu Tyr Asp Lys Lys Gly His lie 
100 105 110 



Met Phe Ala Thr Leu Cys Phe lie Ala Met Leu Phe Ala Met Ser Val 
115 120 125 



Tyr Gly Val Leu Phe Cys Glu Gly Val Leu Val His Leu Phe Ser Gly 
130 135 140 



Cys Leu Met Gly Phe Leu Trp lie Gin Ser Gly Trp lie Gly His Asp 
145 150 155 160 



Ala Gly His Tyr Met Val Val Ser Asp Ser Arg Leu Asn Lys Phe Met 
165 170 175 



Gly lie Phe Ala Ala Asn Cys Leu Ser Gly lie Ser lie Gly Trp Trp 
180 185 190 



Lys Trp Asn His Asn Ala His His lie Ala Cys Asn Ser Leu Glu Tyr 
195 200 205 



Asp Pro Asp Leu Gin Tyr lie Pro Phe Leu Val Val Ser Ser Lys Phe 
210 215 220 



Phe Gly Ser Leu Thr Ser His Phe Tyr Glu Lys Arg Leu Thr Phe Asp 
225 230 235 240 



Ser Leu Ser Arg Phe Phe Val Ser Tyr Gin His Trp Thr Phe Tyr Pro 
245 250 255 



lie Met Cys Ala Ala Arg Leu Asn Met Tyr Val Gin Ser Leu lie Met 
260 265 270 



Leu Leu Thr Lys Arg Asn Val Ser Tyr Arg Ala His Glu Leu Leu Gly 
275 280 285 
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Cys Leu Val Phe Ser lie Trp Tyr Pro Leu Leu Val Ser Cys Leu Pro 
290 295 300 



Asn Trp Gly Glu Arg lie Met Phe Val lie Ala Ser Leu Ser Val Thr 
305 310 315 320 



Gly Met Gin Gin Val Gin Phe Ser Leu Asn His Phe Ser Ser Ser Val 
325 330 335 



Tyr Val Gly Lys Pro Lys Gly Asn Asn Trp Phe Glu Lys Gin Thr Asp 
340 345 350 



Gly Thr Leu Asp lie Ser Cys Pro Pro Trp Met Asp Trp Phe His Gly 
355 360 365 



Gly Leu Gin Phe Gin lie Glu His His Leu Phe Pro Lys Met Pro Arg 
370 375 380 



Cys Asn Leu Arg Lys lie Ser Pro Tyr Val lie Glu Leu Cys Lys Lys 
385 390 395 400 



His Asn Leu Pro Tyr Asn Tyr Ala Ser Phe Ser Lys Ala Asn Glu Met 
405 410 415 



Thr Leu Arg Thr Leu Arg Asn Thr Ala Leu Gin Ala Arg Asp lie Thr 
420 425 430 



Lys Pro Leu Pro Lys Asn Leu Val Trp Glu Ala Leu His Thr His Gly 
435 440 445 



<210> 16 
<211> 449 
<212> PRT 

<213> Mortierella alpina 
<400> 16 

Met Gly Thr Asp Gin Gly Lys Thr Phe Thr Trp Glu Glu lie Ala Ala 
15 10 15 



His Asn Thr Lys Gly Asp lie Phe Leu Ala lie Thr Gly Arg Val Tyr 
20 25 30 



Asp Val Thr Lys Phe Leu Ser Arg His Pro Gly Gly Val Asp Thr lie 
35 40 45 



Leu Leu Gly Ala Gly Arg Asp Val Thr Pro Val Phe Glu Met Tyr His 

13 



50 55 60 



Ala Phe Gly Ala Ala Asp Ala lie Met Lys Lys Tyr Tyr Val Gly Thr 
65 70 75 80 



Leu Val Ser Asn Phe Leu Pro Val Phe Pro Glu Pro Thr Val Phe His 
85 90 95 



Lys Thr Leu Lys Thr Arg Val Glu Gly Tyr Phe Thr Asp Arg Asp lie 
100 105 110 



Asp Pro Lys Asn Arg Pro Glu Thr Trp Gly Arg Tyr Ala Leu lie Phe 
115 120 125 



Gly Ser Leu lie Ala Ser Tyr Tyr Ala Gin Leu Glu Val Val Glu Arg 
130 135 140 



Thr Trp Leu Gin Val Val Phe Ala He He Met Gly Phe Ala Cys Ala 
145 150 155 160 



Gin Val Gly Leu Asn Pro Leu His Asp Ala Ser His Pro Asp Val Thr 
165 170 175 



His Asn Pro Thr Val Trp Lys Thr Leu Gly Ala Thr His Asp Phe Asp 
180 185 190 



Asn Gly Ala Ser Tyr Leu Val Trp Met Tyr Gin His Met Leu Gly His 
195 200 205 



His Pro Tyr Thr Asn He Ala Gly Ala Asp Pro Asp Val Ser Thr Glu 
210 215 220 



Glu Pro Asp Val Arg Thr Lys Arg Asn Gin Lys Trp Phe Val Asn His 
225 230 235 240 



He Asn Gin Asp Met Phe Val Pro Phe Leu Tyr Gly Leu Leu Ala Phe 
245 250 255 



Lys Val Arg He Gin Asp He Asn He He Tyr Phe Val Lys Thr Asn 
260 265 270 



Asp Ala He Arg Val Asn Pro He Ser Thr Trp His Thr Val Met Phe 
275 280 285 



Trp Gly Gly Lys Ala Phe Phe Val Tyr Arg Leu He Val Pro Leu Gin 
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290 



295 



300 



Tyr Leu Pro Leu Gly Lys Val lie Leu Leu Glu Thr Val Ala Asp Met 
305 310 315 320 



Val Ser Ser Tyr Trp Leu Ala Leu Thr Phe Gin Ala Asn His Val Met 
325 330 335 



Glu Glu Val Gin Trp Pro Leu Pro Asp Glu Asn Gly lie lie Gin Lys 
340 345 350 



Asp Trp Ala Ala Met Gin Val Glu Thr Thr Gin Asp Tyr Ala His Asp 
355 360 365 



Ser His Leu Trp Thr Ser lie Thr Gly Ser Leu Asn Tyr Gin Ala Val 
370 375 380 



His His Leu Phe Pro Asn Val Ser Gin His His Thr Pro Asn Val Ser 
385 390 395 400 



Gin His His Tyr Pro Asp lie Leu Ala lie lie Lys Asn Thr Gin Ser 
405 410 415 



Ser Tyr Lys Val Pro Tyr Leu Val Lys Asp Thr Phe Trp Gin Ala Gly 
420 425 430 



Ala Ser His Leu Glu His Leu Arg Val Leu Gly lie Arg Pro Lys Glu 
435 440 445 



Glu 
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